Pseudenhygromyxa salsuginis gen. nov., sp. nov., a myxobacterium isolated from an estuarine marsh , was obtained from a mud sample from an estuarine marsh alongside the Yoshino River, Shikoku, Japan. It had rod-shaped vegetative cells and formed bacteriolytic enlarging colonies or so-called 'swarms' in the agar media. Fruiting-body-like globular to polyhedral cell aggregates and myxospore-like spherical to ellipsoidal cells within them were observed. Those features coincided with the general characteristics of myxobacteria. The strain was mesophilic and strictly aerobic. Growth of SYR-2
T was observed at 18-40 6C
(optimum, 30-35 6C), pH 5.5-8.3 (optimum, pH 7.0-7.5) and with 0.0-2.5 % (w/v) NaCl (optimum, 0.2-1.0 %). Both Mg 2+ and Ca 2+ were essential cations for the growth. The predominant fatty acids were iso-C 15 : 0 (43.8 %), iso-C 17 : 0 (22.4 %) and iso-C 16 : 0 (9.6 %). A C 20 : 4 fatty acid [arachidonic acid (4.3 %)], iso-C 19 : 0 (1.5 %) and anteiso-acids [ai-C 15 : 0 (0.5 %), ai-C 17 : 0 (0.3 %)] were also detected. The G+C content of the DNA was 69.7 mol%. The strain contained menaquinone-7 (MK-7) as the major respiratory quinone. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain SYR-2 T belonged to the suborder Nannocystineae, order Myxococcales in the class Deltaproteobacteria, and the strain was most closely related to two type strains of marine myxobacteria, Enhygromyxa salina SHK-1 T and
Plesiocystis pacifica SIR-1 T , with 96.5 % and 96.0 % similarities, respectively. These characteristics determined in this polyphasic study suggested that strain SYR-2 T represents a novel species in a new genus of myxobacteria. The name Pseudenhygromyxa salsuginis gen. nov., sp. nov. is proposed to accommodate this isolate, and the type strain of Pseudenhygromyxa salsuginis is SYR-2 T (5NBRC 104351
Myxobacteria are Gram-negative eubacteria with a high genomic DNA G+C content. They show complex cellular life cycles with cell-to-cell signalling networks and conspicuous morphogenetic abilities, including fruiting body formation. Cells move by gliding across solid surfaces and form spreading colonies or so-called 'swarms'. As microbial predators, they decompose and feed on the cells of other micro-organisms (Reichenbach & Dworkin, 1992) . They are famous as the producers of novel secondary metabolites (Gerth et al., 2003; Ojika et al., 2008; Weissman & Müller, 2010) . In addition, unique enzymes of myxobacteria have been reported recently (Cheng et al., 2011; Hesseler et al., 2011) . Although myxobacteria have long been described as soil bacteria (Reichenbach, 1999; Dawid, 2000) , recent findings have revealed that some members inhabit more diverse habitats. For example, slightly halophilic or marine myxobacteria have been obtained, and three genera: Haliangium, Plesiocystis and Enhygromyxa have been proposed (Iizuka et al., 1998; 2003a, b; Fudou et al., 2002) . Recently, additional strains of marine myxobacteria have been isolated and tentatively identified as strains of Enhygromyxa salina and antibiotic production by them has been reported (Schäberle et al., 2010) .
Among the myxobacteria isolated from coastal samples in our laboratory, strains SYR-2 T and SMH-27-4 (Iizuka et al., 2006a) grew at the lower concentration of NaCl than the other marine myxobacteria and their optimum NaCl range was around 0.5-1.0 % (w/v). SYR-2 T , characterized in this study, was isolated from a sediment (mud) sample collected in August 1998, from an estuarine marsh in Aizumi, Tokushima Prefecture, Shikoku, Japan. The sampling site, where NaCl concentration fluctuates between 0.0 and 2.0 % (w/v), is located on the left bank at 12 km upstream from the mouth of the Yoshino River (Yoshinogawa). The river harbours a wide estuary with unique fauna and flora, extending from the mouth to 14 km upstream (Uno & Nakano, 2007) . We tested various strengths of seawater solutions (SWS) (Iizuka et al., 1998) (Reichenbach & Dworkin, 1992) . Agar media were solidified with 15 g Bacto Agar l 21 (Becton Dickinson). Unless otherwise noted, the pH of the media being adjusted to 7.2 with NaOH before autoclaving, 0.5 mg cyanocobalamine l 21 was added to the media after autoclaving and cultivations were performed at 30 u C. To obtain Escherichia coli-cell lysing myxobacteria adapted to the brackish water environment, we used Ec-S 20,10 agar (pH 7.2) containing 25 mg cycloheximide l
21
, smeared with two parallel streaks of live E. coli cells on the agar surface. The isolation procedure was as described previously (Reichenbach & Dworkin, 1992; Iizuka et al., 1998 ), was subjected to DNA extraction. To obtain the cells, the strain was pre-cultured in N 2.0 -S 75,15 agar media until swarm (colony) diameter reached 4-5 cm. The growing edge of the swarm was picked out with a sterile microspatula together with agar gel, put into a 250 ml sterile stainless steel cup with 50 ml liquid medium and smashed with a blender (Excel Auto Homogenizer, Nissei). The resultant slurry was used as inoculum for 200 ml medium in 500 ml flasks. After 5-7 days of shaking, grown cell mass in flasks was collected and transferred with a plastic pipette (FALCON 10 ml wide tip serological pipette; Becton Dickinson) into 1.0 l medium in 2 l flasks, which were shaken again for 5-7 days, and finally, about 2.0 g (wet) cell mass l 21 was obtained. For the chemotaxonomic analyses of cellular components, the cells of SYR-2 T , Enhygromyxa salina SHK-1 T and Plesiocystis pacifica SIR-1 T , were prepared by a similar method. For 16S rRNA gene sequence analyses, DNA was extracted from the cells as described previously (Marmur, 1961) and amplified by the reaction with PrimeSTAR HS DNA Polymerase (Takara Bio), using primers 9F and 1510R. For the sequencing reaction, BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems), and primers: 9F, 785F, 802R and 1510R were used. Automated sequence determination was performed using an ABI PRISM 3130 xl Genetic Analyzer (Applied Biosystems). The alignment of the resulting 16S rRNA gene sequences was performed by ChromasPro 1.4 (Tchnelysium). The16S rRNA gene sequence (1494 nt) of SYR-2 T was deposited under DDBJ accession number of AB600195. Sequence data for phylogenetic trees were retrieved from GenBank/DDBJ/EMBL, aligned by CLUSTAL W by using MEGA 5.0 (Tamura et al., 2011) and checked manually. The strains used for the construction of the phylogenetic tree and their 16S rRNA gene accession numbers are shown in Fig. 1 . Distance matrices were calculated with Kimura's two-parameter model (Kimura, 1980) and the neighbour-joining (NJ) tree (Saitou & Nei, 1987) was generated in the program. Bootstrap values were based on 1000 replicates and consensus trees were drawn. An NJ distance matrix tree showing the phylogenetic positions of SYR-2 T and the other myxobacteria based on the almost entire 16S rRNA gene sequences was constructed ( Fig. 1) . The tree showed that SYR-2 T formed a separate branch within the suborder Nannocystineae, the order Myxococcales, the class Deltaproteobacteria (Shimkets & Woese, 1992; Spröer et al., 1999; Reichenbach, 2005; Garcia et al., 2010) . Comparative analysis of the 16S rRNA gene sequences by using the BLAST server showed that strain SYR-2 T was most closely related to Enhygromyxa salina SHK-1 T and Plesiocystis pacifica SIR-1 T with sequence similarities of 96.5 % and 96.0 %, respectively (see also Table S1 available in IJSEM Online). In the NJ phylogenetic tree, SYR-2 T joined the cluster comprising species of the genus Enhygromyxa with a bootstrap resampling value of 63 % (Fig. 1 ). The topological relationship between SYR-2 T and the members of the genus Enhygromyxa was maintained in the trees by maximum likelihood (ML) and maximum parsimony (MP) algorithms of MEGA 5.0. The MP tree is shown in Fig. S1 . According to those data, the strain was more closely related to members of the genus Enhygromyxa than to those of the genus Plesiocystis. The similarities, between 96.0 and 96.5 %, and the position in the tree (Figs 1, S1), showed that SYR-2 T should be classified as a representative of a novel species of the genus Enhygromyxa (Stackebrandt & Goebel, 1994; Arahal et al., 2002) , or even a member of a new genus. As for natural habitats of members of the genus Enhygromyxa, uncultured myxobacteria AT1-02 (accession number AB246767) and AT3-09 (AB246768), which are related to the genus, were reported to inhabit hot springs (Iizuka et al., 2006b ). In addition, uncultured myxobacterial clone PR5 (DQ298325), which was derived from the root of a desert grass, was assigned to the genus Enhygromyxa (Chowdhury et al., 2009) . These examples suggest universal distribution of members of the genus or closely related myxobacteria in natural environments. For morphological analyses, colonies and fruiting-body-like cell aggregates of SYR-2 T were observed under a stereoscopic microscope. Cell morphology was examined using an ECLIPSE E800 phase-contrast microscope (Nikon), equipped with a CCD camera (pixera 150ES-CU). The strain formed spreading, shallowly sunken colonies or swarms in the agar media when cultured at 28-30 u C (Figs  2a, S2 ). The cells often penetrated into agar gel and formed dense bands at the growing edge of swarms. Thin, transparent slime sheets, similar to those of Enhygromyxa salina and Plesiocystis pacifica (Iizuka et al., 2003a, b) , were occasionally formed on VY/2-S 75,15 agar. But, tough slime sheets such as formed by the genus Haliangium (Fudou et al., 2002) , were absent. Peculiar, ripple-like etching patterns sometimes appeared on the agar surface within the swarm (Fig. S2b) , and agar gel in the swarm was often cleaved and seemed to be partially liquefied (Figs 2a, S2a) . The colonies of SYR-2 T were faintly pigmented in brownish red in Iizuka et al. (2003b) .
DData for SIR-1 T from Iizuka et al. (2003a) . (Fig. 2d) , were observed. The strain did not grow in a dispersed manner in the liquid media and formed cell clumps during rotary-shaking cultivation in the flasks, with resemblance to the other known myxobacteria. Globular to polyhedral, solitary and sessile fruiting body (FB)-like cell aggregates, 50-800 mm in diameter, coloured in brownish-orange to -red, were formed on the surface of agar within the swarm areas in N 1.0 -S 75, 15 (Figs 2b, c, S3c) , N 1.0 -S 20,5 (Fig. S3b) , VY/2-S 75,15 (Fig. S3a) and VY/2-S 20,10 agars. Amongst these media, the aggregates seemed to be formed most readily on N 1.0 -S 20,5 agar. Consistency of FB-like aggregates which formed after 1-2 weeks of incubation was rather soft and butyrous, when checked by picking with the injection needle attached to disposable syringe (25GX1: 0.50625 mm, TERUMO). Shorter rods, measuring 0.5-0.861.5-3.0 mm, were reproducibly observed in them (Fig.  2e) . During prolonged incubation at 27 u C, FB-like aggregates gradually migrated into agar gel matrix and became tougher. They seemed to be enclosed in brownish-red walls and be covered with soft, transparent membranes (Figs 2c, S3c). Myxospore-like, optically refractive spherical to ellipsoidal cells, 0.5-0.7 mm in diameter, were found within them (Fig. 2f) . Germination or swarm colony formation by the refractive cells was checked. FB-like aggregates were picked up with sterile injection needles, put on sterile filterpaper strips (about 10610 mm in size), then laid in sterile plastic box and kept at 25 u C for a week to dry. Dried strips were laid on the surface of the following agar media; N 1.0 -S 75,15 , N 1.0 -S 20,5 , VY/2-S 75,15 and VY/2-S 20,10 , and then incubated at 30 u C for several weeks. But, germination of the refractive cells was not observed, even after 2-3 months. Therefore, it was suggested that they were not real myxospores, or that there might be some unknown factors in the natural habitats which are essential for germination.
For the physiological characterization, the test media described in the following text were inoculated with agar plugs (diameter: 5 mm) cut out from the growing edge of swarms in VY/2-S 75,15 agar. A plug was laid on the centre of an agar plate in triplicate, and the growth was determined by measuring the average diameter of swarms (Iizuka et al., 2003a, b Growth pH was checked by cultivation at each pH (determined before autoclaving, at 0.5-pH-unit intervals) in CY/6-S 20,10 agar with each 8 mM of buffer; MES, pH 4.5-6.5; HEPES, pH 7.0-8.5; CHAPSO, pH 8.5-9.5, and with 15 mM CAPS, pH 9.0-10.5. The optimum was pH 7.0-7.5, while no growth was observed below pH 5.5 or above pH 8.5. Growth temperature was determined in VY/ 2-S 20,10 and VY/2-S 75,15 agars from 10 to 45 u C (at 5 u C intervals, also at 28 and 37 uC). The range was 20-40 uC, with the optimum at 30-35 u C in both media.
To determine the physiological properties of SYR-2 T indigenous to estuarine environments, the NaCl range tolerated for growth of the strain as well as Enhygromyxa salina SHK-1 T and Plesiocystis pacifica SIR-1 T , was determined in VY/2 agars of -S 20 , -S 50 , -S 75 and -S 100 with 0-25 g NaCl l 21 at 5 g intervals. Additionally, growth of SYR-2 T and Enhygromyxa salina SHK-1 T were checked in VY/2 agars of -S 20 and -S 50 with 0.5, 1.0 and 2.0 g NaCl l
. The pH of the media was adjusted with KOH, in those cases. The NaCl range of SYR-2 T was lower than those of the other marine myxobacteria used for comparison ( Figs S4, S5) . The growth occurred between 0.0-2.5 % NaCl with the optimum between 0.2-1.0 % NaCl. The NaCl growth range of SYR-2 T tested in N 2.0 -S 75 liquid medium (0-30 g NaCl l 21 at 5 g intervals) coincided with the results obtained in the agars when cultured in 100 ml working volume per 500 ml flask for 7 days, and the growth occurred between 0.5-2.5 % with the optimum between 0.5-1.5 % NaCl. The wet cell weight harvested from N 2.0 -S 75 liquid media at optimum NaCl range was approximately 1.5-1.6 g l Those characteristic growth response to NaCl concentrations distinguished SYR-2 T from the other known myxobacteria (Figs S4, S5) . Although some strains of terrestrial myxobacteria of the genera Myxococcus and Nannocystis are also able to grow in the presence of up to 1.0-2.5 % NaCl (Reichenbach, 1989) , their growth was progressively inhibited with increasing salinity (Iizuka et al., 1998) , suggesting their terrestrial origin. On the other hand, a halotolerant myxobacterium: Myxococcus fulvus HW-1 could tolerate up to 3.0-4.0 % NaCl, and the optimum was between 0-1.5 % (Zhang et al., 2005) .
It is inferred from above data that SYR-2 T does not grow in the seawater environments containing 3.2-3.8 % (w/v) NaCl (Fig. S4) . Those bacteria adapted to lower concentration of NaCl than the average for seawater were defined as 'brackish water bacteria' (Rheinheimer, 1992) . Therefore, SYR-2 T might be called 'brackish water myxobacteria'.
The cationic requirement of SYR-2 T was determined as described previously (Iizuka et al., 2003a, b) . On the other hand, the strain did not grow on VY/2 agar for terrestrial myxobacteria containing 1.0 g CaCl 2 . 2H 2 O l
. Those characteristics also showed that the strain was more adapted to the estuarine or 'brackish water' environments, rather than to the terrestrial ones.
To check the anaerobic growth of SYR-2 T , growing cultures on VY/2 and N 1.0 agars (prepared in both S 20,10 and S 75,15 ) were transferred into Anaero-Pack system (Mitsubishi Gas Chemical). The growth stopped in any of the above media, and the strain was determined to be aerobic. Oxidase and catalase activities were determined as described previously (Iizuka et al., 2003a, b) , using the cells cultured in N 1.0 -S 75, 15 liquid medium. Oxidase was positive but catalase was negative. Congo-Red reaction (McCurdy, 1989) , tested on VY/2-S 75,15 agar was negative for SYR-2 T , Enhygromyxa salina SHK-1 T and Plesiocystis pacifica SIR-1 T , with resemblance to the genus Nannocystis myxobacteria (Reichenbach, 1989) .
The myxobacteria are known as micropredators (Lueders et al., 2006) , and strain SYR-2 T was assumed to feed on the cells of other micro-organisms or organic matter. To check this point, the decomposition of biopolymers was observed as described previously (Iizuka et al., 2003a) , using the following media prepared both in S 20,10 and S 75,15 . Caseinase was positive in casein media: N 0.5 , N 1.0 and N 2.0 , both in liquids and agars. A clear zone around the swarm from protease(s) was observed in the agar (Fig. 2a) , and whitish aggregates of heat-denatured casein were hydrolysed clearly in the liquid media. ) was added to the test media before autoclaving. When flooded with iodine solution, only the area below the swarm remained unstained, indicating that amylase of SYR-2 T was negative or weak. For unknown reasons, growth of the strain was inhibited in the presence of soluble starch, and this feature resembled the case of a myxobacterium Phaselicystis flava (Garcia et al., 2009) . Xylanase was weakly positive in C 0.5 agar with 5 g xylan l
(from oat spelt, Sigma-Aldrich), when tested by iodine reaction (Lang et al., 2008) . Cellulase was negative on the sterile filter papers laid on the VY/2, N 0.5 and CY/6 agars. Chitinase was negative in chitin medium with top agar , in which no white precipitation occurred. As for the lytic action toward micro-organisms, a clear lysis zone toward yeast cells was not observed around the swarms of SYR-2 T in VY/2 agar media, and the growth of the strain was thought to depend on nutrients leached out from yeast cells by the lytic enzymes such as proteases and glucanases.
Quinones were extracted (Nishijima et al., 1997) , and analysed by Waters 600 series HPLC. Cellular fatty acid composition was determined by extracting the methyl esters and analysing with a HP 6890 Series GC System (Hewlett Packard) using an ULTRA 2 capillary column. Peaks were identified according to the instructions of MIDI (the Sherlock Microbial Identification System Version 5.0). The major cellular fatty acids (FAs) of SYR-2 T were branched chain fatty acids (BCFAs), similar to the cases for Enhygromyxa salina SHK-1 T and Plesiocystis pacifica SIR-1 T (Table 2) . Those were iso-C 15 : 0 (43.8 %), iso-C 17 : 0 (22.4 %) and iso-C 16 : 0 (9.6 %), and total sum of the three exceeded 60 % in all three strains (Table 2 ). Small amounts of C 16 : 1 v9c (0.3 %), iso-C 19 : 0 (1.5 %), iso-C 18 : 0 (1.4 %), iso-C 18 : 1 H (0.6 %), anteiso-C 15 : 0 (0.5 %) and anteiso-C 17 : 0 (0.3 %) were also detected in SYR-2 T . iso-C 13 : 0 was found in SYR-2 T and Plesiocystis pacifica SIR-1 T , but not in Enhygromyxa salina SHK-1 T . cyclo-C 19 : 0 v8c was found in SHK-1 T , but not in SYR-2 T and SIR-1 T . Polyunsaturated acid (PUFA, C 20 : 4 v6, 9, 12, 15c or arachidonic acid) and small amounts of anteiso acids were also found in the three myxobacteria, but anteiso-C 15 : 0 was not detected in Plesiocystis pacifica SIR-1 T (Table 2) . anteiso-C 16 : 0 was detected both in Plesiocystis pacifica SIR-1 T and Enhygromyxa salina SHK-1 T in our previous reports (Iizuka et al., 2003a, b) , but it was not found in them in this study, probably due to differences in cultivation media. Plesiocystis pacifica SIR-1 T contained substantial amount of C 20 : 4 (11.5 %), while both SYR-2 T and Enhygromyxa salina SHK-1 T contained almost half that amount (4.3-5.6 %), (Table 2) . PUFA has been recently found also from newly described terrestrial myxobacteria, Phaselicystis flava and Sandaracinus amylolyticus, both belonging to the suborder Sorangiineae (Garcia et al., 2009; Mohr et al., 2012) . Although we detected a major amount of BCFAs and minor amount of straight-chain fatty acids (SCFAs) as cellular FAs of Plesiocystis pacifica SIR-1 T and Enhygromyxa salina SHK-1 T , contradictory results have been reported recently (Garcia et al., 2011) . Moreover, an omega-3 PUFA: eicosapentaenoic acid has been found in Enhygromyxa salina (Garcia et al., 2011 ), but we did not detect it in our cultures of Enhygromyxa salina. Those discrepancies were probably caused by differences in media and cultivation conditions. From above data, it was concluded that the cellular FA profile of the SYR-2 T differed considerably from those of Plesiocystis pacifica SIR-1 T and Enhygromyxa salina SHK-1 T . On the other hand, similar to Plesiocystis pacifica SIR-1 T and Enhygromyxa salina SHK-1 T (Iizuka et al., 2003a, b) , SYR-2 T lacked hydroxylated acids, in accord with a previous report (Garcia et al., 2011) . This property also suggested placement of the strain in the suborder Nannocystineae. The major quinone component of SYR-2 T was MK-7, similar to Enhygromyxa salina SHK-1 T (Table 1) . The possession of MK-8(H 2 ) by Plesiocystis pacifica SIR-1 T seemed to be a distinctive feature separating the genus Plesiocystis from the genus Enhygromyxa. The G+C content of the genomic DNA of SYR-2 T was 69.7 mol%, which was higher than the values, between 65.6 to 67.4 mol%, found in Enhygromyxa salina (Iizuka et al., 2003b) .
On the basis of the above data; phylogenetic distance from the genus Enhygromyxa, sharing of MK-7 as a major quinone component with Enhygromyxa salina, differences in cellular FA profiles, possession of oxidase but not catalase, and the physiological characteristics peculiar to 'brackish water bacteria', SYR-2 T was shown to represent a novel species in a new genus related to Enhygromyxa, for which the name Pseudenhygromyxa salsuginis sp. nov., is proposed.
Description of Pseudenhygromyxa gen. nov.
Pseudenhygromyxa (Pseud.en.hyg.ro.myx9a. Gr. adj. pseudes false; N.L. n. Enhygromyxa a genus of marine myxobacteria; N.L. fem. n. Pseudenhygromyxa a false Enhygromyxa).
Cells are rod-shaped, move by gliding and form swarms on agar media. Fruiting body (FB)-like structures and myxospore-like optically refractive cells are formed. A mesophilic bacterium which grows at between 20 and 40 u C. Requires lower concentrations of NaCl than the average seawater level for the growth. Grows at neutral pH range. The fatty acid profile is characterized by major amount of BCFAs and minor amount of SCFAs, when cultured in N 2.0 -S 75,15 liquid medium. PUFAs are also found among cellular FAs. The major cellular quinone is MK-7. As shown by 16S rRNA gene sequence analysis, the genus belongs to the suborder Nannocystineae, the order Myxococcales, the class Deltaproteobacteria. The phylogenetic position of the genus is more closely related to the genus Enhygromyxa than to the genus Plesiocystis. The type species is Pseudenhygromyxa salsuginis.
Description of Pseudenhygromyxa salsuginis sp. nov.
Pseudenhygromyxa salsuginis (sal.su9gi.nis. L. gen. n. salsuginis of brackish water, pertaining to the salty water from which the strain was isolated).
Cells are gliding rods, measuring 0.5-0.862.0-5.0 mm. In addition to the characteristics reported above in the genus description, globular to polyhedral, solitary and sessile FBlike cell aggregates, 50-800 mm in diameter, coloured brownish-red to -orange, appear on the surface of agar media. Consistency of these is rather soft and butyrous at 1-2 weeks of incubation. During prolonged incubation, the aggregates develop a tougher consistency and become dark-brown. They often migrate into the agar gel matrix from the surface, sometimes reaching the bottom of the plate. Myxospore-like optically refractive, spherical to ellipsoidal cells, 0.5-0.7 mm in diameter, are found in them. The species is mesophilic, no growth occurs above 40 u C or below 15 u C. NaCl concentration range for growth is between 0.0 and 2.0 % (w/v), with an optimum at 0.2-1.0 %. No growth is observed at higher NaCl concentration than 2.5 % (w/v). It requires both Mg 2+ and Ca 2+ for growth, and does not grow in VY/2 agar for terrestrial myxobacteria. The optimum growth pH range is between pH 7.0 and 7.5. No growth is observed at below pH 5.5 or above pH 8.5. Oxidase is positive but catalase is negative. Colonies are Congo-red-negative. The species is aerobic. Decomposes live Escherichia coli cells, but does not lyse autoclaved yeast cells. Caseinase and gelatinase are positive. The strain is rather oligotrophic, and grows in CY/ 6-S 75,15 medium but not in CY/3 S 75,15 . Does not utilize nitrate as a nitrogen source. Amylase is negative or weakly positive: starch is sometimes weakly hydrolysed but soluble starch is not. Xylanase is weak. Does not degrade filter papers. Sometimes cleaves the agar gel matrix within the swarm area, but does not completely liquefy agar gel. Tween 80 lipase and DNase are negative. The major cellular fatty acids are iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 0 . Contains small amounts of C 20 : 4 v6,9,12,15c (arachidonic acid), but eicosapentanoic acid was not detected. Small amounts of anteiso acids (anteiso-C 15 : 0 and anteiso-C 17 : 0 ) and iso-C 19 : 0 are present. It lacks hydroxylated acids.
The type strain is SYR-2 T (5NBRC 104351 T 5DSM 21377 T ), isolated from a mud sample collected from a marsh alongside the Yoshino River (Yoshinogawa), Tokushima Prefecture, Shikoku, Japan. The DNA G+C content of the type strain is 69.7 mol%.
